Identification of amino acid residues participating in the energy coupling and proton transport of Streptomyces coelicolor A3(2) H+-pyrophosphatase.
The H(+)-translocating inorganic pyrophosphatase is a proton pump that hydrolyzes inorganic pyrophosphate. It consists of a single polypeptide with 14-17 transmembrane domains (TMs). We focused on the third quarter region of Streptomyces coelicolor A3(2) H(+)-pyrophosphatase, which contains a long conserved cytoplasmic loop. We assayed 1520 mutants for pyrophosphate hydrolysis and proton translocation, and selected 34 single-residue substitution mutants with low substrate hydrolysis and proton-pump activities. We also generated 39 site-directed mutant enzymes and assayed their activity. The mutation of 5 residues in TM10 resulted in low energy-coupling efficiencies, and mutation of conserved residues Thr(409), Val(411), and Gly(414) showed neither hydrolysis nor pumping activity. The mutation of six, five, and four residues in TM11, 12, and 13, respectively, gave a negative effect. Phe(388), Thr(389), and Val(396) in cytoplasmic loop i were essential for efficient H(+) translocation. Ala(436) and Pro(560) in the periplasmic loops were critical for coupling efficiency. These low-efficiency mutants showed dysfunction of the energy-conversion and/or proton-translocation activity. The energy efficiency was increased markedly by the mutation of two and six residues in TM9 and 12, respectively. These results suggest that TM10 is involved in enzyme function, and that TM12 regulate the energy-conversion efficiency. H(+)-pyrophosphatase might involve dynamic linkage between the hydrophilic loops and TMs through the central half region of the enzyme.